Introduction
Ischemic heart diseases are a worldwide health problem, and acute myocardial infarction (AMI) is a particularly severe threat to human life. The optimal therapeutic strategy for AMI is to open the infarcted arteries, but this is a major problem for patients who are subjected to operations involving MIRIs. Unfortunately, there are no effective and proven therapies to prevent or treat MIRI prior to opening infarcted arteries [1] [2] [3] .
In 2005 [4] , researchers found that one gene, i.e., renalase, is robustly expressed in the kidney and heart. Renalase is known to effectively degrade circulating catecholamines and to play a vital role in human ischemia-related diseases [5] [6] . Presently, increasing numbers of studies are reporting that renalase regulates blood pressure and cardiac function [7] [8] [9] [10] . We have also previously confirmed that renalase is involved in the regulation of the blood pressure in spontaneously hypertensive rats [11] . Furthermore, we have previously investigated renalase gene polymorphisms in patients with coronary heart disease (CHD), and our results indicate that the renalase gene might be associated with CHD [12] . Other investigators [5] have examined isolated perfused mouse hearts and found that renalase deficiency exacerbates myocardial ischemic injury and that the administration of exogenous renalase reduces myocardial necrosis. Additionally, renalase protects against renal IR injury by reducing renal tubular necrosis, apoptosis, and inflammation [13] . Thus, we hypothesized that renalase plays a vital role in the hearts of SD rats and might be beneficial in terms of protecting cardiomyocytes against MIRI.
In this experiment, we sought to examine the following issues: (1) whether local renalase deficiency in the cardiac tissue would exacerbate MIRI; (2) the relationships between renalase expression in the cardiac tissue, the plasma levels of renalase, and myocardial cell necrosis and apoptosis; and (3) whether recombinant renalase protein directly protects the cardiomyocytes of SD rats against injury following MIRI.
Materials and Methods
Immunohistochemical detection of renalase expression in normal heart tissues Paraffin-embedded heart tissues were prepared and made into paraffin sections (4 um). Anti-renalase monoclonal antibodies were used as primary antibodies (ProTech, America), and SABC testing kits (Vector, America) were used to detect the expression of renalase in the heart tissues. Each testing step was performed according to the guidelines provided in the testing manual.
Construction and validation of SD rats with low renalase gene expression in the heart tissues
We had designed and screened the lentivirus vector mediated RNA interference oligonucleotides 'LV-RNLS-RNAi', The vector is GV118(10.3kb) and the sequence of oligonucleotide is U6-MCS-Ubi-EGFP. The screened LV-RNLS-RNAi oligonucleotide (200 ul and 2×10 9 TU/ml) was injected into the pericardial cavity to inhibit renalase gene expression in heart tissue.
Experimental animal groups and MIRI operation procedures
Thirty-six SD rats (male, 10 weeks, 280g-320g) were randomly and averagely divided into 6 groups (the rats were fed a standard diet and acclimatized for 10 days before the operations). The animal protocol was reviewed and approved by the Ethical Committee of XiangYa School of Medicine, Central South University. The following 6 experimental groups were created: 1. a renalase low-expression group (LV-mediated RNA interference; RNAi group)' 2. a negative control (RNAi-NC group)' 3. an operative control (Normal group)' 4. a sham-operation group' 5. a pretreatment with renalase recombinant protein group 'Protein group' and 6. a PBS pretreatment (Vehicle group) . The RNAi group received injection of the screened oligonucleotide (200 ul and 2×10 9 TU/ml) into the pericardial cavity 10 days before the MIRI operation. The RNAi-NC group was injected with LV-NC-shRNA (i.e., the same dose). The Protein group received subcutaneous injections of recombinant renalase protein (1.5 mg/kg) 10 min before the MIRI operation. The Vehicle group was Li/Xie/Lin/Huang/Liang/Huang/Jiang: Renalase in Myocardial Ischemia Reperfusion Injury injected with the same volume of PBS. The method used to establish MIRI was as follows: the left anterior descending artery (LAD) was blocked for 45 min; and reperfusion was allowed for 4 h.
Detection of necrotic areas with double staining
After the MIRI operations, double staining (4% Evans blue and 1% triphenyltetrazolium chloride, TTC) was used to identify the ischemic areas (i.e., the areas at risk), the normal areas (blue), and the infarcted areas (pale) across the entire heart. The infarcted areas are expressed as percentages of the total at-risk areas.
Detection of apoptotic cells by TUNEL
Terminal deoxynucleotidyl transferase-mediated biotinylated UTP nick end labeling (TUNEL) assays were performed with an in situ cell death detection kit (TMR red, Roche, Swiss). Frozen cardiac sections (5um) were prepared after the MIRI operations, and the apoptosis testing kit was used to detect cardiomyocyte apoptosis.
Real-time PCR and western blot detection of renalase expression in the heart tissues after MIRI.
The primers used for the renalase gene were the following: F: 5'-AAGA AGCG CAAC ACAG AGT-3'R:5'-TGTG ACTC CAAA TGGG ACGGT-3', and β-actin was used as the reference gene (primer: F:5'-CATC CTGC GTCT GGAC CTGG-3', R: 5'-TAAT GTCA CGCA CGAT TTCC-3'). The renalase gene was then replicated using the real-time PCR technique. Anti-renalase monoclonal antibodies were used as primary antibodies (ProTech, America), and HRP-labeled goat-anti-mouse IgG (CW-Biotech, China) antibodies were used as secondary antibodies, and western blotting was performed to detect the renalase protein expression in the heart tissues.
Statistical analyses
The data were analyzed with SPSS version 21.0 and are expressed throughout the text as the means ± the SEMs. T tests were used to compare means between two groups, and one-way ANOVAs with S-N-K multiple comparison tests were used to compare multiple groups. In all cases, P﹤0.05 was taken to indicate significance. All figures were made with Graphpad Prism version 6.01.
Results

Analyses of the general parameters
There were no significant differences in age or weight between the 6 groups. However, significant differences were observed in the SBPs and HRs of the RNAi and RNAi-NC groups. These results are shown in Table 1 . 
B
Renalase expression in the heart tissues of the normal SD rats As shown in Figure 1 . Figure 2 shows the results of the examinations of the frozen heart sections with the apoptosis kit. The apoptotic cells are shown as red spots. The tissues of the RNAi group were more prone to apoptosis following MIRI than were those of the control group (151.8±8.2 vs. 66.8±6.5, P<0.05, n=6), and treatment with recombinant renalase protein prior to the MIRI operations significantly ameliorated myocardial cell apoptosis (Protein group vs. Vehicle group, 21.3±5.0 vs. 52.6±10.4, P<0.05, n=6) (Figure2, B) . Double staining was used to separate the heart tissues into normal tissue, ischemia tissue, and infarcted tissue. The normal tissue stained blue, the ischemic tissue stained red, and the necrotic tissue failed to pick up the stain and appears pale. The same ischemic areas are present in different groups because the blocking positions were identical ( Figure 3 , the mean size was 28.2±0.32%). However, the necrotic areas varied across groups. The RNAi group exhibited more necrotic area following MIRI than did the control group (7.12±0.56% vs. [4] . Later, it was proven that renalase is expressed not only in the kidney but also in the heart, skeletal muscle, small intestine, brain, and peripheral nervous system [14, 15] . Additionally, some researchers have reported the expression of renalase in the pancreas and in endothelial cells. An increasing number of reports are proving that renalase might be a new target for many diseases because it metabolizes circulating or local catecholamines [16] [17] [18] [19] .
Renalase-deficiency accelerated the cardiomyocyte apoptosis, and recombinant renalase protein reduced this process during MIRI
Our immunohistochemical results revealed that most normal myocardial tissue expresses renalase. This finding indirectly indicates that renalase might play a vital role in local heart tissue. The low-expression renalase model was established with lentivirusmediated RNA interference technology. It can be inhibited more than 60% of renalase protein 3.32±0.93%, P<0.05, n=6), and pretreatment with recombinant renalase protein prior to the MIRI operation significantly reduced myocardial cell necrosis (compared to the Vehicle group, 1.51±0.12% vs. 4.13±0.02%, P<0.05, n=6).
The expressions of renalase mRNA and protein in the cardiac tissue
The expression of renalase was obviously decreased following MIRI in all of the operation groups (with the exception of the sham-operation group; Figure 4 ).
Discussion
Myocardial cell necrosis, apoptosis, and local inflammatory reactions are the crucial pathological changes that occur during and after MIRI. Thus, the reduction of cell necrosis and apoptosis are thought to be effective Li/Xie/Lin/Huang/Liang/Huang/Jiang: Renalase in Myocardial Ischemia Reperfusion Injury expression in SD rats [20] [21] [22] [23] [24] [25] [26] . We set the Left anterior descending coronary artery LAD) blocking time at 45 min and the reperfusion time at 4 h based on our previous preliminary experiment [27] .
In our experiment, the interesting results revealed that decreased levels of renalase expression in the local tissue were associated with increases in necrotic area and apoptotic cell numbers; moreover, pretreatment with the recombinant renalase protein significantly ameliorated these injuries. Other researchers [13] have isolated mice hearts and exposed them to 15 min of global ischemia followed by reperfusion for 90 min and then assessed myocardial damage via triphenyltetrazolium staining of the heart. Similar to our findings, these findings of these experiments have indicated that renalase deficiency aggravates IR cardiac damage and that recombinant renalase reduces myocardial damage during IR. The same results were observed following the detection of myocardial cell apoptosis by TUNEL staining. Therefore, we propose that renalase plays a vital role in reducing cardiomyocyte necrosis and apoptosis during and after MIRI. However, one negative result from our experiment attracted our attention; the plasma renalase levels were not altered. Therefore, we considered that renalase might be not dependent of it's ability to metabolize catecholamines. Some researchers [28] had been reported that renalase protects renal proximal tubule cells against apoptosis in mice through the activation of Akt and p38-MAPK (mitogen-activated protein kinase) and the downregulation of c-Jun N-terminal kinase, independent of amine oxidase activity. Therefore, we considered that the protective mechanism of renalase during the MIRI independent of amine oxidase activity and we will do further experiments to research the molecular mechanism. Ultimately, we believe that circulating renalase is primarily regulated by the kidney [29] , but we have proven that renalase has different functions in different organs.
Our preliminary experiment had researched the plasma renalase mainly secreted by kidney and the serum creatinine, but during the process of MIRI, there were no significant difference either the circulating plasma renalase or the serum creatinine among the 6 groups. So we proposed that renal function just affects the plasma renalase level, there is other mechanism which regulates the metabolism of renalase independent on renal function in the local cardiac tissue. Whatever, kidney is the main organ which secrets the renalase, we also consider that renalase will be as a new brige between the regulation of cardiovascular diseases and renal function. In cardiac tissue, renalase is a crucial protein that regulates local cardiac function independent of amine oxidase activity. Exogenous recombinant renalase protein was able to produce robust protective effects against MIRI.
Thus, renalase might serve as a potential drug or a novel therapeutic target for the prevention and treatment of ischemic heart diseases. Specific molecular mechanisms of renalase other than the degradation of catecholamine might also exist, and further studies are needed to identify the mechanisms by which renalase protects cardiomyocytes against ischemia or ischemia-reperfusion injury.
Conclusions
Renalase deficiency in cardiac tissue exacerbated myocardial damage during and after the process of myocardial ischemia and reperfusion, and exogenous renalase protein protected against this damage by reducing cell necrosis and apoptosis. Recombinant renalase protein might have potential therapeutic value for MIRI and might be a novel cardiovascular drug for the treatment of IR injury.
